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SUMMARY

This report reviews the operational status of Coleman National Fish
Hatchery (NFH) and Keswick Fish Trap. The Coleman NFH and Keswick Fish
Trap are operated to augment anadromous fish runs of the upper Sacramento
River. Hatchery brood stock is obtained from fish ascending Battle Creek
and fish trapped at Keswick Dam.

Fish production at Coleman NFH has been appreciably increased by
improvement and expansion of facilities. Chinook salmon and steelhead
trout runs in the ,upper Sacramento River system, however, have declined
in recent years. In some years, numbers of broodfish returning to

Coleman NFH and Keswick Fish Trap have not been sufficient to meet egg
quotas.

The basic problems at the Coleman NFH are:

1. Inadequate water supply.

2. High energy operating costs.

3. Insufficient rearing and holding space for salmon.

4. Deterioration of water supply systems, food storage facilities,
emergency power generation equipment and water heating/cooling
facilities.

5. Fish losses due to disease.

6. Insufficient knowledge on optimum release sites, timing and size
of releases.

7. Inadequate water quality for hatchery production.
8. Inadequate pollution abatement facilities.

Future developments which may present additional problems at Coleman
NFH include:

1. Increased operating expenses resulting from higher energy costs.

2. Proposed hydroelectric powerplants at Red Bluff Diversion Dam and
Anderson-Cottonwood Irrigation District Diversion Dam, which may
further impact migration and survival of hatchery fish.

i
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3.

4.

Increased commercial and sport fishing effort on hatchery stocks.

Sacramento-San Joaquin Delta water facilities and further water
project development.

Five basic problems at the Reswick Fish Trap are:

1.

5.

Ineffectigeness of the tra§ facilities at flows exceeding
16,000 f£t7/s.

Insufficient attraction flow into the fishway.

Occasional fishkills in the trap facility from acid mine waste
discharge or sustained high discharge.

"Inadequate fish passage facilities at Anderson-Cottonwood

Irrigation District Diversion Dam prevent salmon from arriving at
the Fish Trap.

Fish losses due to entrapment in the spillway basin adjacent to
the trap facility.

Future developments which may further impact operation of the Reswick
Fish Trap include proposed hydroelectric projects for the Red Bluff and
Anderson-Cottonwood Irrigation District Diversion Dams and a new Keswick

Dam.

. Measures which should be taken to counteract the problems at Coleman
NFH include:

1.

2.

Revise the 1948 Memorandum of Agreement.

Obtain Central Valley Project project-use electrical power rates
for Coleman NFH operationms.

Rehabilitate existing and develop new water sources.

Rehabilitate the existing diversion dams and fishway in Battle
Creek.

Rehabilitate hatchery building, water supply intakes and water
supply valves; construct new brood stock holding and spawning
facilities and juvenile prerelease ponds.

Replace fish food storage facility, rehabilitate roads, pérking
areas and miscellaneous buildings, improve visitor facilities and
construct fish protection structures.

Expand pollution abatement facilities.

Investigate the potential for developing hydroelectric power gen-—
eration from hatchery discharge into Battle Creek.

ii
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9. Conduct evaluation studies to improve propagation techniques and
develop measures to maximize smolt survival and adult returns to
the fisheries and hatchery.-

Measures which should be taken to counteract ,these problems at the
Keswick Fish Trap include: :

1. Augment fishway releases.

2. Improve communication and coordination between Fish and Wildlife
Service (Coleman NFH) and Bureau of Reclamation (Shasta~Reswick
Operations staff).

3. Modify the trap control system.

4. —Reassess the potential for increasing operational capability of
the fish trap at flows greater than 16,000 £t3/s.
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PART I

~ INTRODUCTION

Coleman Natiénal Fish Hatchery (NFH), and Reswick Fish Trap were
constructed by the Bureau of Reclamation (BOR) as part of the Salmon
Salvaée plan to mitigate fish losses due to construction and operation of
Shasta and Keswick'Dams of the Federal Central Valley Project (CVP).
Coleman NFH is also operated for the inveétigatiop, protection,
improvement, and conservation of fish in the Sacramento River Basin.

Chinook salmon and steelhead trout are the only fish presently propagated

at the hatchery.

PURPOSE AND OBJECTIVE

The puiposé of this report is to appraise the opeiational status of
the Coleman NFH and Reswick Fish Trap. Past and présent production capa-
bility, operational problems, and evaluation studies are reviewed in
order to determine the need for additional suppért for the ongoing evalu-
ations of Coleman NFH and Fish Trap operations. The report utilized
existing data; no new data were deveioped.

The objective of this report is to contribute to the effort at
Coleman NFH to maximize the hatchery's contribution to the anadromous

fisheries of California and the Pacific Northwest.

1
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RELATED PROGRAMS

Current studies at the Coleman NFH include programs to improve
propagation techniques and develop measures to maximize smolt survival
and adult returns to the fisheries and hatchery. These studies are
designed to provide improved disease control and brood. stock genetic
quality, and further identify differential survival and contribution of
salmon and steelhead trout released at various sizes, locations, and
times. i

A proposal to develop new méthods ofvéontrol of Infectious
Hematopoietic Necrosis (IHN) virus at Coleman NFH has been initiated
involving a 1l0-year program to span two generations of chinook salmon
from the same brood year (U.S. Fish and Wildlife Service, 1979b). The
program is a cooperative (FWS) effort by the Seat;le National Fishery
Research Center, the Coleman NFH, and the Tehama-Colusa Fish Facility.
The results ffom this study should enab;e hatchery staff to predict the
occurrence of high disease incident. Timely preventative measures could
be taken to reduce mortality. The objective i; total control of the
disease.

The U.S. Fish and Wildlife Service (FWS) developed a study plan to
determine the effécts of geographical transfer and of selective breeding
on survival of juvenile steelhead trout released from Coleman NFH (U.S.
Fish and Wildlife Service, 1981). This study will test the hypothesis
that Coleman steelhead have low survival rates because of spawning size

selection and interbreeding with other strains of steelhead trout and

Ramloops rainbow trout. Groups of steelhead trout will be compared from

2
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adult hatchery fish selected for large size, adult hatchery fish of all
sizes, and adult hatchery females and wild males (Dave Vogel, U.S. Fish
and Wildlife Service, Fishery Assistance Office, Red Bluff, pers. comm.).
They will be reared similarly at Coleman NFH and marked, released, and
recaptured to determine survival. If man-induced genetic changes are
shown to reéuce survival, guidelines will be generated to increase
efficiency of hatchery programs.

The California_Department of Pish and Game (DFG) is continuing a
long-term study initiated in 1976 to asseés the contribution of late
fall-run chinook salmon trapped at Keswick Dam and propagated at Coleman
NFH. Marked late fall-run chinook salmon were released from Coleman in
the fall (October and November) from brood years 1975, 1976, and 1978,
and in the winter (January) from brood years 1977 through 1981 (Dick
Hallock, California Department of Fish and Game, (retired) pers. comm.).
Tﬁis study will not be completed until adult returns have been analyzed.

The DFG, in cooperation with FWS, initiated a new study at Coleman
NFH in 1981 by marking and releasing 300,000 f£all chinook in groups of
100,000 each at Battle Creek, in the Sacramento River downstream from the
Red Bluff Diversion Dam (RBDD), and at Knights Landing. The objective is
to find a release site that will increase survivala(and thus fishery
returns) and at the same‘time insure sufficient hatchery returns to
continue the hatchery production goals. Salmon will be marked and
released at these sites through 1984 and returns to the‘ﬁishe;y and

spawning runs will be analyzed to determine survival rates.

3
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The FWS proposed in 1979 that a l0-year study be funded to compare
return rates to the fisheries and to the Coleman NFH of marked groups of
salmon and steelhead released from the hatchery at different times of the
year. The objective of this study is to increase survival of fish
released at Coleman NFH by identifying optimum fish size and favorable
release periods. The study will also compare the cost per adult
harvested or returning to the hatchery. Hatchery-produced fish were
marked and releaseq in the dual purpose spawning channel of the
Tehama-Colusa Canal Fish Facilities. Additional activities include
releasing marked fish directly into Battle Creek and the Sacramento River
and sampling juvenile populations with trawls, fyke nets, seines, and
other fish collecting equipment (U.S. Fish and Wildlife Service, 1981).

No §tudies have been conducted or are proposed which would identify

impacts or improve operations at the Keswick Fish Trap. The facility is

essentially operating within its designed capability. Late fall-run

‘chinook salmon presently trapped at Reswick and propagated at Coleman NFH

are being marked with coded wire tags in order to determine favorable
release size, timing of release, ahd contribution to the fishery and
escapement (R. Hallock, California Department of Fish and Game, (retired)
pers. comm.).

Future developments which may further impact operation of the Reswick
Fish Trap include potential.expansion of the existing BOR hydroelectric
facilities, the proposed Lake Redding Hydropower Project, and_Enlarged
Shasta Project. The latter would involve constructing a new Keswick Dam

several miles downstream from the existing structure.

4
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Ongoing and proposed studies recommended by the FWS, in cooperation
with DFG, include the following evaluations (not necessarily in order of
importance) (U.S. Fish and Wildlife Service, 1981):

ongoing

1. Determine optimum release site for Coleman NFH steelhead trout.
Estimated total cost is $140,000 over an 8-year period.

2. Determine optimum time, site, and size for release of Coleman NFH
_chinook salmon and steelhead trout. Estimated cost is $580,000
over a l0~-year period.

3. Determine effect of stock transfer and selective breeding on
survival of juvenile steelhead trout produced at Coleman NFH.
Estimated cost is $184,000 for an 8-year period.

Proposed

1. Evaluate adult steelhead harvest in the jupper Sacramento River to
determine if hatchery stocks are being overharvested. Estimated
cost is $370,000 over a 4-year period.

2. Evaluate contribution of salmon produced at Coleman NFH to the
fisheries and their returns to propagation facilities. Estimated

study cost is approximately $450,000 over a l0-year period.
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RELATIONSHIP TO CENTRAL VALLEY FISH AND WILDLIFE MANAGEMENT STUDY

This report is one of a series planned for the Central Valley Fish
and Wildlife Management Study (CVFWMS). The study area, shown on
figure 1, is the Central Valley hydrologic basin. Objectives of the
study are to:

1. Identify fish and wildlife problems and opportunities associated
with water resource development, distribution, and utilization in
the Central Valley.

2. Provide the basis for formulating.and recommending a long~range
management framework within which fish and wildlife resources can
be protected and enhanced.

The overall study, initiated in fiscal year 1979, is being made to
formulate a comprehensive framework of fish and wildlife management
guidelines for the Central Valley that will be useful to Federal and
State agencies. A comprehensive approach is essential to resolve the
very complex and controversial water-related fish and wildlife issues.

Water resource development and utilization within the valley are so
interrelated that localized modifications of water and land and of fish
and wildlife management practices often result in corresponding impacts
elsewhere in the valley. Any actions such as modernization of £f£ish
hatcheries, streamflow alterations, and modification of control struc-
tures cannot be pursued effectively without knowledge of the positive and
negative impacts on beneficial uses throughout the system. The compre-
hensive study of existing basinwide baseline conditions‘is beiﬁé made so

3
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problems or the development of new water supplies can be evaluated
adequately.

Three categories of problems and opportunities are being addressed in
the overall study. They are: anaqromous fish, wildlife, and reservoirs
and miscellaneous. This report, one of a series in the category titled
anadromous fish, is identified as problem A-6, in table 1, which lists

the problemé for that category.

BASIN DESCRIPTION

The area covered by the CVFWMS includes two major river basins, the
Sacramento on the north and the San Joaquin on the south. The combined
basin is nearly 500 miles long and 120 miles wide. It contains 38 mil-
lion acres of land, or more than one-third of the area of California.
Nearly one-third of the basin area is wvalley floor, where the bulk of the
population, industry, and agriculture is located. The foothills and
mountains in the two-thirds of the basin surfounding the valley floor
receive most of the precipitation and provide the main source of the
water supply for the valley. The summers are hot and usually rainless.

Most of the precipitation occurs in the winter. The water supply of
the Central Valley is derived chiefly from snowmelt from the Sierra
Nevada to the east, with minor amounts of runoff from the Coast Range
mountains to the west, and ffom precipitation on the valley floor.

Runoff varies widely from year to year and from season to season,
being highest in the winter and spring, and low in the summer and fall

months. Many streams in the area are intermittent, with flow only during

wet periods of the year.

7
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Table 1. Anadromous f£ish problems assigned to Plan Formulation Team A
Problem .

No. Description
A-1l Determine the flows required in the upper Sacramento River to

a=7

A-10

A-11

A-12

provide for all freshwater life stages of salmon at various
population levels.

.Determine whether fish passage at Red Bluff Diversion Dam is a

problem and, if so, formulate a solution.

Evaluate the disturbance that operation of ACID's dam at Redding
may have on salmon spawning and egg incubation and its signifi-
cance to all affected fish populations and formulate possible
solutions to problems if needed.

Evaluate the status of Tehama~Colusa Canal Fish facilities,
including screens to canal intake, and develop recommendations
for resolving problems and making improvements.

Investigate the status of the salmon spawning habitat in the
upper Sacramento River and develop recommendations for resolving
problems and making improvements.

Determine the need for additional support for ongoing evaluation
of Coleman National Fish Hatchery and Keswick Fish Trap opera-
tions, and provide this support if necessary.

Evaluate the potential of a comprehensive restoration program
for San Joaquin salmon and identify the actions required to
accomplish this.

Evaluate the need for fishscreens on diversion facilities along
the Sacramento River.

Evaluate the disturbance that operation of Red Bluff Diversion
Dam may have on salmon spawning and egg incubation and evaluate
its significance to all affected fish populations, and formulate
corrective measures if needed.

Determine whether predation of anadromous fish in the upper
Sacramento River is a problem and, if so, formulate a solution.

Evaluate the potential for improving the production of anadro-
mous fish in tributaries to the Sacramento River. '

Investigate need and potential of enlarging Nimbus Fish Hatchery.
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Water development in the basin spans a period of more than 120 years.
Basically, it progressed thréugh foﬁr stages. In the first stage, local
diversions were made directly from the rivers. The second stage was the
wideépread use of ground-water puméing adjacent to rivers. In the third,
water was stored for use within a river basin. 1In all‘of these stages,
the water facilities were constructed and operated by individuals, com-
panies, districts, or other water service organizations.

Larde-scale Federal water development.in the Central Valley began in
1935 with the initial phases of construction of the CVP by the BOR. This
inaugurated the fourth stage and marked the beginning of coordinated
interbasin water development in the Central Valley. In 1961, construc-
tion began on the California State Water Project, including joint
Federal-State facilities. The primary source of water for the two pro-
jects is the Sacramento River Basin, althoﬁgh some water is derived from

the San Joaquin Valley to the south, and some is imported from the

Trinity River to the west.

The CVP is a series of storage facilities, conveyance systems, and
powerplants constructed, under construction, or proposed, to make multi-
purpose use of the water supplies that can be controlled by the facili-
*ties. The project reservoirs are coordinated in their operation to make

maximum use of the available water supply.

STUDY AREA

The study area for this report includes virtually the entiéé length
of the Sacramento River from Keswick Dam downstream to the Pacific
Ocean. The primary focus, however, is on the immediate vicinity of the

Coleman NFH and KReswick Dam facilities.
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The Sacramento River drains the northern portion of California's

Central Valley, flowing southward, to converge with the San Joaquin River

at the western edge of the Sacramento-San Joaguin Delta (figure 2). From

there commingled flows continue toward the ocean through Suisun and San

Pablo Bays to San Francisco Bay some 430 miles from the Sacramento River's

point of origin. The main stem of the Sacramento River provides about

300 miles of salmon habitat.

From the standpoint of both water supply and fishery resource, the

Sacramento River upstream from its confluence with the Feather River his-

torically has been the most important reach of the river system. This
reach, termed the "Upper Sacramento,"” is the portion of the river where
spawning occurs.

The lower Sacramento River includes the main stem from the mouth of
the Feather River (river mile 8Q) do@nstream to the confluence with the
San Joaquin River at Collinsville (river éile 0, figure 2). There is no
spawning in the lower portion, but main tributaries to the lower
Sacramento River--the American and the Feather Rivers and the Yuba River
tributary to the Feather River-—-are major spawning areas.

The FWS prepared a report on Coleman NFH and Keswick Fish Trap for
use in the CVFWMS. The report consists of an analysis of the operatiéns
and problems at the two facilities plus two appendices: appendix A, the

1948 Memorandum of Agreement between the Bureau of Reclamation and the

Fish and Wildlife Service; and appendix B, Battle Creek Stream Flow Data.

10
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LOCATION OF FACILITIES

Coleman NFH is located in Shasta County, California, on a relatively
flat parcel of land on the north bank of Battle Creek approximately
3 miles easf of the Sacramento River and 17 miles southeast of the city
of Redding. Ground elevations within the hatchery property vary from a
low of approximately 405 feet mean sea level (m.s.l.) in the creekbed at
the west boundary ;o a high of approximately 480 feet m.s.l. along the
north pggperty ling. Elevations within the existing hatchery building
and rearing pogd area vary from 445 feet ﬁ.s.l. to 415 feet m.s.l.

To the north and south of the hatchery lie the rolling foothills of
the CascadeVRange with peaks ranging from approximately 1,000 to
2,706 feet m.s.l. Small valleys and sharp ﬁreaks in the land are pro-
duced by numerous seasonal streams draining the area. Battle Creek flows
tﬁfough_a Qalléy from the east to.the west along the southern edge of.the
hatchegy prope;ty. |

Coleman NFH is funded and operated by FWS. Presently, the hatchery
consists of 75.41 acres of land owned by the FWS and various easements
for pipelines and access.

Keswick Fish Trap is located at the base of Reswick.Dam on the
Sacramento River, approximately 9 miles downstream from Shasta Dam in
Shasta County, California. The trap is owned and maintained by the BOR
and is operated by FWS in conjunction with Coleman NFH, located about

25 miles southeast of Reswick Dam (figure 2).

11
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HISTORY/BACKGROUND

The Coleman NFH and Keswick Fish Trap were constructed in 1942 as
part of the mitigation measures to help preserve significant runs of chi-
nook salmon threatened by the loss of natural spawning areas resulting
from the construction and operation of Shasta Dam and Keswick Dam on the
Sacramento River. The Boﬁ constructed the hatchery and Reswick Fish Trap
and funded the hatchery operation until 1949 (appendix A). The CVP was
authorized and established under the provisions of the Emergency Relief
Appropfiation Act of 1935 (49 Stat. 115) and the First Deficiency
Appropriation Act, Fiscal Year 1936 (49 Stat. 1622). The River and
Harbor Act of 1937 (50 Stat. 844, 850) ieauthorized the CVP for
construction by the Secretary of the Interior subject to the Reclamation
laws, and with due regard for wildlife conservation. Total cost for
Coleman NFH'and Keswick Fish Tra§ was $2,013,750.

Four salvage plans were proposed by the FWS for salvaging the runs of
Sacramento River salmon blocked by Shasta Dam. A board of consultants
(appointed by the BOR) recommended one of these plans called the
"Sacramento River, Battle Creek, Deer Creek Plan" which the BOR accepted.
Objectives of the plan were to ensure proper distribution of salmon in
the river for natural spawning, reduce spring-run chinook losses in the
main river due to high water temperatures while Shasta Lake filled,
release young salmon from hatcheries in accord with the natural migration
period, and continue studies of artificial propagation. o
It was anticipated that the upstream migrating adult fall—gun chinook

could be held in the main Sacramento River by racks to encourage natural
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spawning.

ties on Battle Creek. Spring-run chinook would be trapped and

transferred to suitable tributaries for natural spawning such as Deer

Creek, and to Battle Creek for artificial propagation at the Coleman NFH.

The selected plan included the following annual objectives:

l‘

Transfer of 10,000 spring-run chinook salmon to Deer Creek for
natural propagation.

Transfer oﬁ 2,000 spring-run chinook salmon to Battle Creek for
artificial propagation.

Transfer of 18,000'summer- and early fall-run chinook salmon to
Battle Creek for artificial propagation.

Distribution of 30,000 fall-run chinook salmon in the Sacramento
River by installing three racks to control migration.
carry out this plan, the BOR agreed to provide the foliowing:

A fish ladder, ﬁrap and lift at Keswick Dam and at Balls ferry
rack.

Seven 1,000-gallon capacity fish tank trucks.

A hatchery on‘Battle Creek with the capacity for 58 million eggs
or advanced fry, and 29 million fingerlings, and appurtenant
pondé, cold storage facilities and buildings.

Five racks in Battle Creek to form four holding and ripening

pools for adult spring-run chinook salmon transferred from the

Sacramento River.
Three racks across the Sacramento .River.
A fishway around the lower falls on Deer Creek to make accessible

an additional 5 miles of spawning gravel.

i3
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Two hatcheries on Battle Creek participated in these operations.
These were the old Battle Créek Hatéhery near the mouth of Battle Creek
which was closed after the 1944 season, and Coleman NFH located
apprdximately 6 miles upstream from the Sacramento River which began
operation in 1943.

All the agreed upon plans were not carried out for various reasons,
and the salvage goals were only partially realized. Only two racks were
installéd in the Sacramento River, and these failed to function properly.
The total salmon population allowed to spawn in the river between Balls
Ferry and Keswick Dam was much greater than planned. Mortality of
spring-run chinook transferrxed to Deer Creek was high and the ultimate
Success of this operation appeared quite dubious. Mortality of adult
spring-run chinook salmon transferred to Battle Creek was a;so high,
primdrily because of excessively warm water temperatures. Propagation -
of spring-run chinook salmon at Coleman NFH was subsequently suspended.

By 1946, none of the racks in the Sacramento River were operating and
trapping of spring-run chinook at Keswick had ceased. Hatchery
operations at the Coleman Station were considered successful except for
the problem of holding adult spring-run chinook until ready for spawning.
It was concluded that the spring-run of salmon was more likely to be
perpetuated if left undisturbed in the Sacramento River as environmental
conditions (temperature and flow) below Shasta Dam were satisfactory.

Presently, the only remaining federally operated elements of the
Shasta Salmon Mainteﬁance Plan are the Coleman Hatchery and the Reswick

Fish Trap. In 1948 a Memorandum of Agreement was signed between the BOR
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and the FWS pertaining to the custody and future operation of the Coleman
NFH and other fishery maintenance facilities of ihe upper Sacramento
River, including Reswick Fish Trap (appendix A). Since July 1, 1949, the
FWS has assumed all annual operation, maintenance, and replacement costs
at the Coleman NFH. The Keswick Fish Trap is operated by FWS and is
maintained by BOR in conjunction with other facilities at Keswick Dam in
accordance with a 1951 Memorandum of Agreement.

The 1948 Memorgndum of Agreement, which transferred Coleman's opera-
tion, maintenance and rehabilitation funding from BOR to FWS, was based
on the following premises:

1. That the BOR had constructed Coleman NFH for protection and pres-

ervation of migratory fish which spawned in the uppér Sacramento
River Basin prior to construction of Shasta Dam.

2. The FWS had operated the hatchery facilifigs since their

construction.

3. The BOR and FWS agreed that, as a result of the salmon maintenance

plan and operation of Shasta Dam with regard for the welfare of
;he fishery, the runs above Shasta Dam appeared to have become
established below the dam in numbers equal to the numbers exist-
ing before the dam was built.

4. There was a need for further fisheries investigation, protection,
improvement, and conservation in the Sacramento River Basin.

5. The continued maintenance of Sacramento River salmon runs was

recognized as one of the purposes of the CVP in operating Shasta

Dam.
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6. The continuous release of minimum fish flows (2,500 ft3/s) and
favorable water température'(between 50 °F and 65 °F) was best
suited to maintain the Sacramento River fishery.

This agreement, while recognizing that salmon were successfully
spawning in the Sacramento River downstream from the Shasta Dam, should.
not be construed as a concession on behalf of FWS that BOR has satisfied
its mitigation obligation for the Shasta Dam Project. Moffett (1949)
concludéd in his evaluation of the Shasta Salmon Maintenance Plan that
environmental conditions in the river below Shasta Dam were greatly
improved for natural production of salmonids, and that these conditions
compensated, as nearly as could be determined, for the loss of spawning
grounds above Shasta Dam. However, he further concluded that experience
was insufficient to definitely establish the success or failure of the
salmon maintenance plan ana fﬁat observations ané studies needed to be
continued.

Although the goals of the Shasta Salmon Maintenance Plan have only
been partially met (i.e., to restore salmon runs to population levels
that existed prior to construction of Shasta Dam by BOR), the FWS retains

sole responsibility for the operation and maintenance of Coleman NFH.

LIFE HISTORY INFORMATION

Chinook Salmon

There are four distinct spawning populations (commonly referred to as

races or runs) of chinook salmon (Oncorhynchus tshawytséha) iﬁ-ﬁhe

Sacramento River system. Each run has a unique migrating pattern,

thereby perpetuating the existence of separate runs. These runs are
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named for the time of year the adults ascend the river - spring, fall,
late fall, and winter. Folléwing séawning,vthe adult chinook salmon
dies.

Spring-run salmon enter the ri&er system between March and June,
spawning from late August through early October with the peak being in
September. Downstream migration of the smolts begins in‘December, peaks
in January and February and is complete by the end of April.

Fall-run salmon, the largest run in numbers of fish, migrate into the
Sacramento River from September-through November and spawn from early
October through December. The young migrate downstream from February
through early June.

The late fall-run migrate upstream from early November through
February and spawn from January through March. Young begin'migrating
downstream in April. Many late fgll chinook salmon reside in the Upper
Sacramento River and migrate to sea the following fall.

Winter-run salmon enter the Sacramento River from early January
through mid-June. Spawning usually occurs between mid-April and
mid-July. Downstream migration of the young occurs between November and
February.

Steelhead Trout

The steelhead (Salmo gairdneri) is a subspecies of rainbow trout.

The great majority of steelhead are known as fall-run or winter-run
steelhead. Fish of this type enter the stream and spawd during. the same
season. The time of migration varies. If the river is large enough and

cool enough, the steelhead may enter in the late summer or early fall. .
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Whether steelhead start upstream in August or %n January, the spawning
run usually continues until March or April.

Spawning resembles that of the salmon. Young steelhead usually
migrate to the ocean after spending two seasons in freshwater. Faster
growing fish migrate after one season, but slow growers may spend up to
four seasons in freshwater.

After reaching saltwater, steelhead grow quickly and usually return
to spawn in their home streams after one or two seasons. Unlike salmon,

steelhead do not necessarily die after spawning. The rigors of migration

and spawning do cause many deaths, but fish that have spawned two or

three times are not uncommon.
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PART II

COLEMAN NATIONAL FISH HATCHERY

OPERATIONAL HISTORY

The Coleman NFH (figure 3) was referred to as the Coleman Station
when first placed in operation by FWS in 1943, The station consisted of
a main @gtchery building containing 288 deep troughs, 28 outdoor rearing
and holding ponds, a cold storage and ice-plant, a combination garage,
shop, and warehouse, and residences for operating personnel. Approxi-
mately 55 £t3/s of good quality water was supplied to the hatchery and
rearing ponds by intake lines from the Coleman Powerplant and Battle
Creek leading to an open delivery ditch and hatchery intake system.
Designed production capacity was 58 million,salmon eggs or advanced- fry
and 29 million fingerlings (Needham, et al., 1943). The total cost for
construction, operating, and maintaining all of the migratory fish
facilities through June 30, 1949, when operating and maintenance costs
were transferred to FWS, was $2,824,000 (Fish and Wildlife Service,
Coleman National Fish Hatchery Annual Report, 1975). The present
operating budget of the Coleman NFH is approximately $600,000 annually.

Coleman NFH is the only Federal fish hatchery in California
(excluding the Tehama-Colusa Canal Fish Facility in Red Bluff) and is one
of the largest chinook salmon propagation facilities in the Natign. The
Federal Government has congtructed other hatcheries in Céliforﬁié (i.e.,
Nimbus, Trinity, and Warm Springs), but these are presently operated by

the State and funded by the Federal Government.
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Figure 3. Coleman National Fish Hatchery.

C—044272

C-044273



SR SN MU S NE N NS EE S NN aE B an Ba - e

-l R .

Fall and late fall-run chinook salmon, steelhead rainbow trout, and
RKamloops rainbow trout are the primary species of fish which have been
artificially propagated at Coleman NFH. Other species, or races, that
have been occasionally propagated at the hatchery include winter and
spring-run chinook salmon, coho salmon, kokanee salmon, rainbow trout,
and brown trout.

Early hatchery production objectives were not specifically defined
due to ;he uncertainty of the salmon maintenance work and the need to
develop successful propagation techniques; Juvenile salmon produced in
the hatchery were held until they had been feeding for some time and then

released into Battle Creek before April 15. The objective was to coin-

cide downstream migration of hatchery fish with natural migration in

Battle Creek and the Sacramento River, and to reduce loss of juveniles in
irrigation diversions during the spring. Some experimental lots were
held and released in the fall after October 15 when irrigation diversions
ceased.

The original chinocok salmon brood stock for Coleman NFH was obtained
from native Battle Creek fish and f;om fish trapped and transferred from
fish traps at the Balls PFerry rack and Keswick Dam. From 1946 through
1949, brood stock came from adult salmon returning to the hatchery to
spawn. These fish were held in Battle Creek by racks until mature. From
1950 to date, brood stock have been obtained from both Battle Creek and
Keswick Fish Trap. In addition, the Coleman NFH has received surplus
salmon and steelhead eggs from various State hatcheries includigé Nimbus,

Feather River, and Mad River Hatcheries.

20

C—044273

C-044274



Considerable improvements have been made at Coleman NFH during the
nearly 40-year history of operation. These improvements were designed to
increase fish production by improving and expanding the water supply and
drainage system, providing better water gquality for temperature and
disease control,rand improving fish passage, holding, spawning and
rearing facilities. Major improvements through 1962 and the year in
which they were implemented included:
1. _ponstructiqn of a fish diversion dam in Battle Creek, a fishway
and adult holding pond (1951).

2. Installation of a 6-inch well and 450 gallons per minute
(gal/min) pump to supplement hatchery water supply (1959).

3. Construction of a spawning building (1960).

4. Construction of thirty 8- by 80~foot rearing ponds and a 40- by

240-foot adult holding pond (1962).

By 1963, annual production capacity of the Coleman NFH was reassessed _

at 40 million chinook salmon, steelhead trout and Kamloops trout eggs,
fingerlings, and yearling fish weighing 250,000 pounds (U.S. Fish and
Wildlife Service, 1963). As rearing caéability was considered maximum
for the existing water supply and rearing facilities, FWS increased
available water supplies from Battle Creek and ground-water sources.
Improvements, which increased production capability to approximately
350,000 pounds, included:

1. Construction of a new 48-inch water supply line §l§64).

2. Installation of .two additional 300-foot wells ana pondéw(1964).

3. Construction of a new 37- by 221-foot holding pond (1965).
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4., Construction of a water reuse system (1968).

5. Total water rights for 122 ft3/s from Battle Creek (1961, 65).

During the 1970's, improvements at Coleman NFH consisted primarily of
providing pollufion abatement facilities and improving the water reuse
system and water temperature control capability. These measures were
designed to improve the quality and survival of fall-run chinook salmon
smolts produced by the facility and to provide for a limited production
of wintér- and spring-run chinook salmon..

Most of the original redwood fish troughs in the hatchery building
have been replaced with modern vertical flow incubators and rectangular
fiberglass réaring tanks. The water reuse system has been remodeled to
provide improved temperature control and recirculation for 15 of the 30
(8 x 80) raceways. Two large chillers (1,500 gal/min combined capacityf
were recently installed. These will be used to cool ﬁattle Creek water
in the late spring and summer for spawning and rearing winter- and
spring-run chinook salmon trapped at Keswick Dam or volunteering into the
hatchery from Battle Creek. Unfortunately, high energy costs and budget
limitations have precluded operation of the chillers.

CVP project use power is not available to Coleman NFH; electrical
power needs must be purchased through Pacific Gas and Electric Company
(PG&E). Present power éosts at Coleman NFH are approximately $32,000 or
about 5.0 percent of the annual operations and maintenance budget.

The Coleman NFH has a current capacity to incubate approximately
30 million eggs and produce approximately 20 million salmon and steelhead

trout weighing approximately 350,000 pounds annually. The fall-run
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chinook salmon is the primary species propagated, followed by late
fall-run chinook and steelhead trout. Coleman NFH produces approximately
10 percent of the fall-run chinook salmon run and 70 percent of the
steelhead trout run to the Upper Sacramento River (U.S. Fish and Wildlife
Service, 1979b; Hallock, California Department of Fish and Game,
(retired), pers. comm.). Coleman NFH also has a limited capacity for
spring and winter chinook salmon production. Eggs are collected from
salmon returning to Battle Creek and from fall- and late fall-run
chinooks which are collected at the Keswiék Fish Trap. Since the
winter-run chinook salmon population has declined dramatically during
recent years, rearing smoits at Coleman and releasing them to Battle
Creek is one way of augmenting the natural population.

The 5-year mean annual production for Coleman NFH from 1975 through
1979 was 8,700,000 salmon and steelhead trout combined weighing
365,000 pouﬁds. From 1980 through 1984, the 5-year mean annual produc-
tion was over 15 million salmon and steelhead trout. The increased pro-

duction reflects recent hatchery improvements.

CHINOOK SALMON PRODUCTION

The Coleman NFH was originally designed to iﬁcubate 58 million salmon
eggs, requiring approximately 12,000 female fish. Although over 50 mil-
lion chinook eggs were collected in 1959 and 1962, the average number of
salmon eggs taken at the facility during its 40-year history has been
less than 20 million (table 2). Original rearing faciliﬁies limited pro-
duction to a maximum annual output of abéut 40 million 1-1/2 to

2-inch-long fingerlings and 2 million S- to 7-inch-long fingerlings (Cope
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and Slater; 1957, U.S. Fish and Wwildlife Service, 1963). Annual chinook
salmon release data are summarized in table 2.

During the 1940's, both spring- and fall-run chinook salmon were
propagated at Coleman NFH. Juvenile salmon production ranged from
3.5=23.4 million fall-run chinook annually but usually less than
3 million spring-run chinook salmon. Juvenile salmon were released
directly into Battle Creek in the spring as fry and fingerlings. Some
were he%d through ;he summer and released in the fall when irrigation
demand ceased 6r at least diminished, in 6rder to prevent losses to
irrigation diversions. |

The number of spring-run chinocok salmon propagated at the facility
had declined significantly by 1947 primarily because of poor returns to
the Keswick Fish Trap and the Battle Creek racks. Adult spring-run
chinook ascend the Sacramento River in the  spring, remain in deep pools
during the summer where cool water temperatures occur, and spawn in the
autumn (September and early October). The Coleman NFH often experienced
high mortalities of adult spring-run chinook salmon held for ripening due
to high water temperatufes (U.S. Fish and Wildlife Service, Coleman
annual reports, 1943-51). Consequently, spring-run chinook salmon were
not propagated after 1952 (1951 brood year; brood year is the year the
eggs were taken). -

During the 1950's, the annual collection of fall-run chinook salmon
eggs at Coleman NFH increased considerably, ranging from 10 million
(1950) to 52 million eggs (1959). These eggs were obtained from both

fall and late fall-run chinook stocks, the latter primarily coming from
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Table 2. Annual chinook salmon production at Coleman National Fish Hatchery, 1943-1984.
Referenced from Annual Report, Coleman National Fish Hatchery, 1943-1985.

Adults
released Juvenilea released
Brood Source of spawners and/or Tocal Egg Fry Fingerlings Fingerlings
year and date collected Race Female Male Jacks mortalicy handled take produced before Apr. 15 afcer Occ. !
43 Battle Ck (9/12~10/20) Spring 227 417 927 944 935,000 838,000 714,000 47,0¢C
8alls Ferry & Kes (9/12-
10/20)  Spring 27 654 119,000
Balls Ferry (10/20-11/29) Fall 1,541 3,215 4,892 9,648 8,320,853 7,775,000 7,533,000 130,0C
44 Battle Creek (9/18-10/25) Sering 116 2,177 2,201 1,181 476,000 —— 409,000
Balls Ferry & Kes (9/18-
L0/25)  Sering - 732 4,045 3,564,000 3,052,000 2,586,000 170,06
Balls Ferry(10/18-11/20) Fllly 2,006 4,535 3,475 ) 10,016 11,299,000 —— 10.019.’0(!0 257,0C
45 Bactle Ck(9/16~10/22) Spring 31 359 1,631 468 128,000 120,000 88,000 25,00
Balls Ferry & Kes (9/16- .
10/22) Spring 224 1,777 1,154,000 1,039,000 683,000 202,00
Balls Ferry (10/13-11/29) Fall 2,966 3,204 5,104 11,274 20,579,000 18,061,000 16,916,000 691,00
46 Battle Ck (9/24~10/15) Spring 328 991 1,131 2,450 1,476,000 1,371,603 986,000 297.00
Battle Ck (10/8-11/20) Fall 1,801 4,817 3,579 10,197 11,131,000 10,775,000 9,625,000 301,00
Kaeswick (9/4-10/15) Spring 237 :1:10) 1,001 2,118 1,287,000 1,190,000 823,000 277,00
Kesuick (11/4-12/S) Fall 2,379 4,361 796 7,536 14,403,000 13,807,000 13,185,000 290,00
47 Battle Creek (9/16~10/6) Spring 38 16 134 188 165,000 134,000 75,000 43,00
Bactle Creek (10/1-12/5) Fall 1,947 5,852 8,155 15,954 10,875,000 10,339,000 8,537,000 1,547,00
48 Bactle Creek (10/1-11/30) Fall 614 419 1,059 282 2,374 ,3,620,000 3,662,000 1,608,000 1.915,0¢
Keswick (10/16~10/30) Fall 27 75 —— - 102
49 Bactle Ck (9/1-10/17) Spring 40 38 21 13 112 207,000 199,000 ‘32,000 151,00
Battle Creek (10/22-12/8) Fall 2,221 t,201 1,838 271 5.528 13,221,000 12,890,000 10,887,000 1,807,00
S0 Bactle Creak (9/20-10/22) Spring 153 105 3t4 258 830 870,000 799,000 631,000 128,00
8actle Creek (10/22-12/18) Fall 1,384 695 1,669 357 4,105 7.438,000 10,156,000 8,107,000 1,566,00
Keswick (11/2-12/22) Fall 508 324 233 84 1,149 3,152,000
. Juveniles released
fry & fingerlings sub~yeariings
(spring) (Eall)
S1 Batcie Creek (9/18-10/19) Spring 158 205 1,464 S t,832 987,000 19,924,000 1,483,764
Bactle Creek (10/23-11/21) Fall 2,855 1,03 5,190 450 9,508 17,208,000 .
Keswick (11/13-12/3) | Fall 925 723 1,127 223 2,998 5,806,000
52 Bactle Creek (10/22-12/10) Ffall 3,607 3,574 3,880 398 11,459 20,074,000 ' 28,220,000 1,483,764
Kesuif:k (11/19-12/19 fall 2,097 1,488 653 423 4,661 14,248,000
53 Bactle Creek (9/30-12/8) Fall 4,335 2,787 4,661 735 12,498 26,553,000 33,900,000 3,157,000
Kesutck (11/18-12/17) Fall 2,750 1,730 1,276 1,037 6,793 18,232,000 )
S4 Bactle Creek (9/30-12/22) Fall 2,091 2,215 3,151 355 7.812 11,191,000 17,307,000 2,711,000
Kesuick (11/18-12/23) Fall 2,160 1,981 1,480 376 5,997 12,308,482
55 Bactcle Creek (9/30-12/31) Fall 2,796 3,348 4,243 189 10,576 15,907,000 22,907,000 3,781,000
Keswick (11/17-1/9) Fall 2,202 1,401 1,016 326 4,945 13,606,000
56 Baccle Creek (10/1~1/21) Fall 2,725 2,246 . 1,770 617 7.358 15,041,000 14,689,000 3,808,000
Keswick (11/19-12/31) Fall 1,066 811 327 457 2,661 6,551,000
57 Baccle Creek (10/4-2/10) Fall 826 425 1,546 248 3,045 4,106,000 11,167,000 3,225,000
Keswick (11/15-1/27) Fall &
. lace fall 2,626 2,225 1,388 2,990 9,229 15,154,000
58 Batcle Creek (9/16-2/13) Fall 4,054 4,629 6,344 570 15,597 19,681,000 5,220,000 2,267,050
Keswick (11/17-2/13) Fall &
lace fall 2,916 2,422 1,388 6,821 13,517 17,268,000
Keswick Wincer 136 —— — - 420 381,000 3,000
59 Bactle Creek (9/28-1/20) Fall 5,632 1,934 824 473 10,863 33,474,000 30,517,000 4,506,000
Keswick (11/16~1/29) Fall &
lace fall 3,047 3,021 605 893 7,566 19,189,000
60 Baccle Creek (10/5-1/16) Fall 2,923 2,652 3,866 164 9,605 18,612,000 29,126,000 4,089,140
Keswick 11/16-1/23) Fall &
lace fall 3,629 2,554 2,320 ., 1,556 9,859 21,900,000
6l Baccle Creek (10/6-1/24) Fall 3,577 3,069 1,645 212 8,503 22,22(,000 © 7°17,080,000 3,988,000
Keswick (11/13-3/5) Fall & .
lace fall 2,263 2,39 427 561 5,647 13,315,000
62 Bactle Creek (10/1-1/135) Fall 3,396 2,926 1,424 327 8,573 21,192,000 34,192,000 " 5,449,000 .
Keswick (11/17-3/24) Fall &
lace fall 4,420 4,070 1,511 5,661 15,662 32,079,000
Wincer 214 60,000 35,000
63 Baccle Creek (10/7-2/18) fall 2,356 2,048 618 32 5,114 14,500,000 1,428,000 5,389,000
Keswick (11/17-3/24) Fall 3§
. lace fall 2,105 1,686 284 196 5,125 13,500,000
Keswick (5/23-7/12) Winteg s3 —— - — 754 236,000 (50,000 sent to Auscralia) 73,000
64 Baccle Creek (10/8-?) Fall 1,585 1,153 1,109 26 3,873 10,103,500 13,239,000 5,375,000
Keswick (11/27-3/16) Fall &
tace fall 1,239 423 119 2,035 3.816 8,053,500
A
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Table 2 (continued)

Adulcs
released Juveniles released
Brood  Source of spawners and/or Total Egg Eyed
Year and dace colleccad Race Female Male Jacks wmortality handled Take Eggs Fingerlings Sub-yearlings
(speing) (fall)

65 Baccle Ck (10/5-3/7) and Fall 2,893 2,578 471 285 1.256 19,291,000 17,761,000 2,597,000 7,483,000
Kes (11/15-2/23) combined Lace Fall 2,976 -

Keswick (6/14~6/30) Winter 16 6 - - 22 80,000 ? 53,000 (5/65)

66 Bactle Creek (10/3-3/25) Fall &

& Keswick (11/1-3/25) Late Fall
combined 1,907 1,270 584 234 3,995 12,714,000 - 11,732,000 125,000 6,157,000
Keswick (6/3-6/30) Wincer 2 7 6,000 - 4,300

67 Battle Creek (10/13-3/2S) Fall &
and Keswick (11/6-3/25) Lace Fall 7,440 18,200,000
coabined 3,096 2,151 1,402 458 (4,400 from Keswick) 17,450,000 2,394,000 7,363,000
Keswick Wincer 7 215 17,500 ? 16,000

68 Baccle Craek.(10/1-3/21) Fall &
and Keswick (11/15-3/21) Lace Fall 2,077 1,465 2,111 1,514 7,167 11,479,000 10,658,000 1,278,000 2,281,000
combined (1,240 from Keswick)

(2,376 froa ACID trap)

49 Battle Creek (10/10-1/10) Fail &
and Kegwick (11/19-3/20) Lace Fall 2,951 1,831 827 827 6,436 16,716,000 15,412,000 2,947,000 3,057,000
coabined (4,112 from Keswick)

70 Baccle Creek (10/16-3/22) Fall &
and Keswick (10/29-3/22) Late Fall 3,318 1,881 1,321 982 7,519 20,315,000 19,396,000 5,129,000 2,619,000
combined (4,053 from Kaeswick)

71 Baccle Creek and Keswick Fall &
combined (10/22-3/8) Late Fall 1,811 918 1,127 442 4,298 11,859,000 11,151,000 7,203,000 -

(2,190 from Keswick)

72 Baccle Creek (10/6-1/5) Fall § 913 721 1,449 142 3,225 5,729,000 5,425,000 4,697,000 -
and Keswick (11/9-1/10) Late Fall (403 from Keswick)
combined .

13 Battla Creek (10/12-12/12) fFall 1,547 1,139 816 333 3,835 8,690,000 -8.458.000 4,927,000
Keswick (1/24-3/15) Late Fail 1o 248 126 19 705 2,149,000 1,966,000 1,687,000 -

74 Baccle Creek {10/18-12/6) Fall 1,096 565 348 206 2,175 6,390,000 6,062,000 1,910,212 -
Keawick (12/10-3/7) Lace Fall §38 346 7 487 1,498 4,113,000 . 1,760,000 33,000 1,896,000

75 Bactle Creek (10/10-12/5) Fall 1,125 652 690 228 2,695 7,037,000 6,717,000 2,801,000 1,112,000
Keswick (12/2-1/16) Late Fall 200 195 29 185 609 1,277,000 1,168,000 - 602,000

76 Bactle Creek (9/2-12/3) Fall 1,552 688 839 675 3,971 9,608,000 9,105,000 6,519,000 593,000
Keswick (12/10-2/11) Lace Fall 273 176 20 287 756 1,610,000 1,483,000 - 628,000

77 Baczle Creek (9/27-12/2) Fall 1,973 608 492 1,491 4,852 12,670,000 11,746,000 3,278,000 -
Keswick (12/6-1/7) Late Fall 470 536 110 737 1,853. 3,178,000 3,004,000 - 1,971,000

78 Keswick (5/2-6/23) Wincer 29 3% - - 63 121,000 102,000 - 10,250
Baccle Creek (10/12-12/1) fall 452 374 830 215 1,872 2,122,000 2,021,000 427,000 1,213,000
Kesuick (12/8-219} Late fall 325 335 21 148 829 1,738,000 1,617,000 - 982,000

79 Bactle Creek (10/2-11/30) Fall 2,669 1,742 3,894 419 8,729 15,639,000 14,809,000 11,072,000 615,000
Keswick (12/10~2/29) Lace Fall 373 276 38 180 867 2,123,000 2,013,000 490,000 928,000

80 Bactle Creek (10/10-11/28) Fall 3,580 3,023 572 558 7,733 17,804,000 16,502,000 14,495,000 -
Keswick (12/1-2/11) Lace Fall 814 684 190 377 2,065 3,614,000 3,198,000 - 2,575,522

81 Baccie Creek (10/2-11/30) Fall 2,233 1,035 7,323 882 11,3723 . .

Kesuick (10/16-11/30) Fall - - - - 1,867 11.498,771 10,046,322 03,169 3,589,294
Batctle Creek (12/3-2/18) Laca Fall 43 97 7 H 152

Keswick (12/3-2/18) Lace Fall 510 410 211 543 1,745 21,787,925 2,597,300 714,820 1,686,824
Keswick (5/11-6/1) Wincer 7 11 [s] 39 57 30,087 17,421 11,548 -

82 Baccle Creek (10/44-11/29) Fall 5,519 5,264 3,276 5,395 19,361 bt 4
Keswick (11/15-11/27) Fall - - - . 93 26,623,713 21,136,970 6,461,360 9,116,218
Battle Creek (12/2-3/11) Lace Full 3s 83 25 10 183
Reswick (12/2-3/11) Late Fall 27 279 6 219 332 1,887,546 1,025,837 - 1,348,367
R8OD (11/10-1/21) Lace Fall - - - - 343 .

83 Bactle Creek (10/3-12/5) Fall 2,733 1,295 3,401 1,327 8,756
Keswick (11/9-11/17) Fall 160 36 16 - 262 9,845,886 8,652,885 9,721,0